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(54) Method and apparatus for plating a substrate 

(57) A high quality metallic deposit can be produced 
inside the micro-cavities formed on a surface of a sub- 
strate by the present invention. The method comprises 
immersing the substrate in a liquid held in a processing 
chamber; evacuating the processing chamber so as to 
remove residual bubbles from the micro-cavities and to 
degas the liquid within the micro-cavities; and subject- 
ing the liquid to boiling in at least those regions adjacent 
to the substrate. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates in general to a 
next generation technology for fabricating electrical 
interconnects in integrated circuit devices, and relates in 
particular to a method and apparatus for filling micro* 
cavities formed on a surface of a substrate with metal 
plating. Description of the Related Art 
[0002] Aluminum is a typical material used for fabricat- 
ing conductor circuit patterns in integrated semiconduc- 
tor devices. An aluminum conductor line pattern is 
fabricated by first sputtering an aluminum film on a sem- 
iconductor wafer (wafer), followed by forming circuit pat- 
terns on the aluminum film by means of 
photolithography, and etching off unwanted regions to 
complete the conductor line pattern. As the devices 
become more highly integrated, there have been 
increasing demands for a finer conductor line pattern. 
Referring to Figures 27A - 27C. to meet such demands 
fcx micro-fabrication, the width of grooves 303 and con- 
tact hole 301 for producing conductor line 31 1 and plug 
313, must be made smaller, typically in a range of 0.13 
to 018 pnri. When the width of the conductor line 
becomes so narrow, aluminum begins to show prob- 
lems due to its inferior properties. 
(0003) To other types of metals than aluminum, the 
above-described conventional method of circuit fabrica- 
tion is sometimes difficult to apply, and therefore, 
damascene process has been performed by fabricating 
stud holes and wiring cavities on a circuit board first, 
and then filling the cavities with a suitable metal by 
usmg processes such as chemical vapor deposition 
(CVD). sputtering or plating, and finishing the circuit 
board by chemical mechanical polishing (CMP) to com- 
plete conductor line fabrication. 
[0004] Plating has been used widely for forming 
metalic films and has many advantages. Figure 28 
shows a setup for conventional plating. A plating cham- 
ber i contains a plating solution 9 in which are 
immersed a cathode 3, having a substrate W, and an 
opposing anode 4, and the plating solution 9 is stirred 
with a stirrer 1 1 during plating. 
[0005] Compared to other processes, plating cost is 
relatively low, high purity products can be produced, 
and processes can be done at a relatively low tempera- 
ture to avoid degrading thermal effects. However, it is 
difficult to use plating to fill micro-cavities C such as 
grooves 303 and contact holes 301 without leaving 
some internal voids. When a substrate W having micro- 
cavities C is immersed in plating solution 9. it is not unu- 
sual to have residual air remaining inside the cavities C, 
and it is not possible to infiltrate the cavities C com- 
pletely with the plating solution 9. This is considered to 
be due to the effects of wettability of the substrate W 



and the surface tension force of plating solution 9, and. 
especially for such shapes as the contact hole 301 
which is deeper than is wide (for example, an aspect 
ratio, depth/width, of about 5), air tends to remain in the 
5 cavity much more frequently. Similarly, it becomes much 
more difficult to displace a spent liquid of plating solu- 
tion 9 with fresh plating solution containing active metal- 
lic ions. This difficulty increases as the width of the 
cavities C becomes narrower. 

10 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
v vide a method and an apparatus for plating to enable a 
15 high quality metallic deposit to be produced inside the 
micro-cavities formed on a surface of a substrate, such 
as a semiconductor wafer, by completely infiltrating the 
micro-cavities with a plating solution and refreshing the 
plating solution in the micro-cavities during plating. 
20 [0007] The present invention is to establish such an 
object by a method for producing a metal deposit inside 
micro-cavities fabricated on a substrate comprising: 
immersing the substrate in a liquid held in a processing 
chamber; evacuating the processing chamber so as to 
25 remove residual bubbles from the micro-cavities and to 
degas the liquid within the micro-cavities; and subject- 
ing the liquid to boiling in at least those regions adjacent 
to the substrate. 

[0008] Accordingly, after removing the gas dissolved 

30 in the liquid or residual bubbles from the micro-cavities 
utilizing a phenomenon of nucleate boiling, the plating 
solution is infiltrated into the cavities so that metal can 
be plated inside of the cavities to efficiently produce a 
high quality deposit which is free of internal defects. 

35 This process is basically applicable to both electro- and 
electrol ess-plating processes. 
[0009] The liquid may comprise a plating solution so 
that plating can be readily operated. In another option, a 
preferred liquid other than plating solution is usable 

40 which is more easily introducible to the micro-cavities. 
Such liquid may include water, alcohol or other suitable 
liquid. In this case, replacing or diluting the liquid with a 
plating solution may be necessary prior to plating. 
[0010] The processing chamber may be a plating 

45 chamber so that the plating process can be done with- 
out transferring the substrate. In another option, the 
processing chamber may be made as a pre-plating 
processing chamber only for the pre-plating process. 
[0011] In the boiling step, interior chamber pressure 

so may be reduced to a value less than a saturated vapor 
pressure of the liquid. This will lower the boiling point of 
the liquid so that there is no need to raise the tempera- 
ture of the liquid to a high temperature, thus resulting in 
an energy efficient and productive plating process. In 

55 the boiling step, the substrate may be heated from a 
back surface of the substrate. This win promote selec- 
tive heating of those regions close to the cavities so that 
expelling of bubbles from the cavities and boiling in the 
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cavities are enhanced. In the boiling step, interior cham- 
ber pressure may be reduced and at the same time, the 
substrate may be heated from the back surface. 
[001 2] Between a degassing step and a boiling step, 
interior chamber pressure may be raised to a high pres- s 
sure. Also, boiling and pressurizing may be repeatedly 
carried out These steps will enable to reliably infiltrate 
the cavities with the solution, and to replace the solution 
inside the cavities periodically with fresh solution, 
thereby realizing defect-free plating. 10 
[001 3] It is aJso permissible to perform a boiling step 
while plating. Boiling may be carried out intermittently or 
continuously. This will enable to carry out plating while 
exchanging old plating solution inside the cavities with 
fresh plating solution to efficiently carry out the process is 
of depositing metal in the cavities. 
[001 4] In another aspect of the invention, an appara- 
tus for producing a metal deposit inside micro-cavities 
fabricated on a substrate, the apparatus comprising: a 
sealable processing chamber; an evacuating device for 20 
reducing interior chamber pressure; and a gas inlet 
device for pressurizing the chamber interior, wherein 
the evacuating device is capable of selectively reducing 
interior chamber pressure to at least two pressure val- 
ues, one being less than a saturated vapor pressure of ss 
the liquid, and the other being an intermediate value 
between the saturated vapor pressure and atmospheric 
pressure. 

[001 51 In this apparatus, liquid such as plating solution 
in the chamber, air, dissolved gas or gas bubbles in the 30 
plating solution, bubbles attaching to the substrate can 
be made to undergo volume change or changes in then- 
liquid state, so that liquid may be infiltrated into the cav- 
ities and/or the old solution may be refreshed with new 
solution. This will permit to form a metal deposit within 35 
the cavities efficiently by plating, without creating inter- 
nal defects in the deposited metal. A heating device to 
heat the plating solution may be provided to facilitate the 
liquid filtration or to raise plating efficiency. 
[0016] The evacuating device may have an exhaust 40 
pipe to connect a vacuum pump for reducing interior 
chamber pressure, and the exhaust pipe may be pro- 
vided with a shutoff valve and a control valve for adjust- 
ing flow resistance. This will permit the system to be 
switched between two vacuum levels: a pressure inter- 45 
mediate between one atmosphere and the saturated 
vapor pressure; and a saturated vapor pressure or 
lower. Such a switching operation will enhance degas- 
sing of dissolved gas in the liquid by reduced pressure 
and expelling bubbles from the cavities by volume so 
expansion on the one hand, and vapor release due to 
nucleate boiling in the cavities prompted by a high vac- 
uum. 

[0017] The evacuating device may have a vacuum 
pump to reduce interior chamber pressure and two par- ss 
allel exhaust piping having different flow resistance to 
connect the vacuum pump to the plating chamber. 
[001 8] The apparatus may be provided with a heating 



device for heating the substrate through a back surface 
of the substrate. 

[0019] The apparatus may be provided with a vibrator 
means for stirring the plating solution in the plating 
chamber. These are all effective means for promoting 
liquid boiling in the cavities. 

[0020] In another aspect of the invention, a method for 
fabricating wiring on a substrate comprises: immersing 
the substrate in a liquid in a processing chamber; evac- 
uating the processing chamber so as to remove residual 
bubbles from the micro-cavities and to degas the liquid 
within the micro-cavities; subjecting the liquid to boiling 
in at least those regions adjacent to the substrate; plat- 
ing the substrate so as to produce a metal deposit 
inside the micro-cavities; and removing unwanted por- 
tions of metal deposit formed in the micro-cavities by 
polishing using chemical and mechanical polishing 
methods. 

[0021] The liquid may be a plating solution so that 
plating can be readily operated, or. a preferred liquid 
other than plating solution easily introducible to the 
micro-cavities. In this case, a step for replacing or dilut- 
ing the liquid with a plating solution is necessary 
between the boiling and plating steps. 
[0022] In another aspect of the invention, an appara- 
tus for producing a metal deposit inside micro-cavities 
fabricated on a substrate comprises: a sealable 
processing chamber; a vacuum device for reducing inte- 
rior chamber pressure; a substrate holder for holding 
the substrate in such a way that a back surface side of 
the substrate is liquid-tight in the processing chamber; 
and a heater provided internally in the substrate holder 
for heating the substrate. 

[0023] In another aspect of the invention, a method for 
producing a metal deposit inside micro-cavities fabri- 
cated on a substrate comprises: placing the substrate in 
a sealable processing chamber; evacuating interior of 
the chamber; immersing the substrate in a liquid; and 
pressurizing the liquid surrounding the substrate. 
[0024] Accordingly, after exhausting the non-conden- 
sable gases such as air from the surface of the sub- 
strate, a liquid is Introduced into the chamber at normal 
temperature and pressure, and when the substrate is 
immersed in the liquid, the surface of the substrate 
touches the liquid. Although the cavities may contain 
bubbles formed by a vapor of the liquid because of sur- 
face tension effects, but the application of pressure will 
destroy the bubbles and replace the cavities with infil- 
trated liquid. 

[0025] TTie method may include a step of providing a 
pressure variation to the fiquid surrounding the sub- 
strate. This will further enhance infiltration of fiquid into 
the cavities. Such liquid may indude water, alcohol or a 
plating solution or a mixture thereof. Selection is made 
by considering wettability of the substrate by the liquid 
and compatibility with the plating process to follow. 
[0026] In the immersing step, a surface active agent 
may be used to improve wettability of the substrate. This 
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will enhance wettability and facilitate infiltration of liquid 
into the cavities. Such agents may be added to the liquid 
beforehand, but the agent itself may be introduced first 
into the chamber to improve the wettability of the cavity 
surface, and then the liquid may be infiltrated into the 
cavities. 

[0027] In another aspect of the invention, apparatus 
for producing a metal deposit inside micro-cavities fabri- 
cated on a substrate, the apparatus comprising: a seal- 
able processing chamber; a vacuum exhaust passage 
for evacuating the processing chamber; a liquid inlet 
passage for supplying a liquid to the processing cham- 
ber; a gas inlet passage for pressurizing the liquid in the 
processing chamber; and a gas discharge passage for 
discharging gas from the processing chamber. 
[0028] Substrates may be processed in a group or one 
at a time. A liquid draining passage is useful to facilitate 
the processing steps. The apparatus may be shared for 
both pre-plating treatment and plating processes. A plu- 
rality of liquid inlet passages may be provided to enable 
introducing different types of liquids or surfactants con- 
tinuously or concurrently. 

[0029] The apparatus may be provided with a pres- 
sure varying device to produce pressure changes in the 
processing chamber. The pressure varying device may 
be a shutoff valve or a switching valve provided on at 
least one of the gas inlet passage or the degassing pas- 
sage. 

[0030] The pressure varying device may be an ultra- 
sonic vibrator device. 

[0031 ] In another aspect of the invention, a method for 
producing a metal deposit inside micro-cavities fabri- 
cated on a substrate comprises: placing said substrate 
in a sealable processing chamber; charging said 
processing chamber with a condensable gas; cooling 
the substrate to a temperature lower than a dew point of 
the 'condensable gas to form droplets thereof within the 
micro-cavities. 

[0032] This will allow droplets to form on the surface 
of the cavities and attach to the inside of the cavities. 
Therefore, by immersing the substrate in this condition, 
plating solution replaces the droplets and infiltrate the 
cavities by affiliating with the droplets of the condensa- 
ble gas. 

[0033] The method may include a step of vibrating the 
substrate. Cooling the substrate to below the dew point 
of the condensable gas does not always produce drop- 
lets. This is because the condensable gas may be in a 
supercooled state and remain in the gaseous state. 
Degree of supercooling temperature is not a constant 
value, and it can sometimes reach a very high value. 
Therefore, by vibrating the substrate, supercooled con- 
dition of the gas inside the cavities is disturbed thereby 
releasing the gas from the supercooleding state and 
reliably forming droplets inside the cavities. 
[0034] In the charging step, charging pressure of the 
condensable gas may be varied. This will permit replac- 
ing the residual bubbles in the cavities with condensable 



gas and forming droplets reliably by cooling. The envi- 
ronment may be evacuated first and then filled with a 
condensable gas so as to facilitate replacement of the 
residual gas in the cavities with condensable gas and to 

5 reliably form droplets by cooling. 

[0035] The method may include a step of immersing 
the substrate in a liquid, (n this case, the liquid may be 
degassed by subjecting the liquid to boiling or evacuat- 
ing so as to avoid a formation of bubbles from the dis- 

10 solved air in the liquid. The liquid fa immersing the 
substrate is preferably a liquid having smaller surface 
tension than water so as to reliably infiltrate the cavities 

■ . . .with the liquid. The liquid may be a plating solution, then 
the pre-treatment process may be continued into a plat- 

is ing process. 

[0036] In another aspect of the invention, an appara- 
tus for producing a metal deposit inside micro-cavities 
fabricated on a substrate comprises: a sealable 
processing chamber; a gas inlet device for introducing a 

20 condensable gas into the processing chamber; a sub- 
strate cooling device for cooling the substrate; and a liq- 
uid supply device for supplying a liquid into the 
processing chamber. 

[0037] This apparatus enables to form droplets on the 
25 inside surface of the cavities and condense continu- 
ously. Further, a vacuum device may be provided to 
evacuate the processing chamber. Using this appara- 
tus, residual gas in the cavities may be replaced with a 
condensable gas, and by cooling, droplets can be relia- 
30 bly formed in the cavities. Further, a gas inlet device 
may be provided to pressurize the processing chamber, 
thereby enabling to reliably infiltrate the cavities with the 
liquid. 

[0038] A method for producing a metal deposit inside 
35 micro-cavities fabricated on a substrate, the method 
comprising: heating the substrate while exposing the 
micro-cavities to a liquid, so as to expand and expel 
residual bubbles from the micro-cavities thereby to infil- 
trate the micro-cavities with the liquid. 
40 [0039] In this case, a heating step may be accompa- 
nied by a cyclic pressure variation in a range above 
atmospheric pressure in such that pressurizing and 
returning to atmospheric pressure are repeated. 
[0040] The liquid may be first pressurized during the 
45 heating step and then is returned to atmospheric pres- 
sure thereby to facilitate expelling of the residual bub- 
bles from the micro-cavities. The liquid may be a plating 
solution. 

[0041 ] In another aspect of the invention, a method for 
50 producing a metal deposit inside micro-cavities fabri- 
cated on a substrate comprises: disposing the substrate 
in a pressure vessel so that both surfaces of the sub- 
strate are under an identical pressure; evacuating the 
pressure vessel so as to expel residual bubbles from the 
55 micro-cavities: and introducing a liquid in the pressure 
vessel and applying a pressure so as to infiltrate the liq- 
uid into the micro-cavities. 

[0042] In another aspect of the invention, a method for 
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producing a metal deposit inside micro-cavities fabri- 
cated on a substrate comprises: disposing the substrate 
in a pressure vessel so that both surfaces of the sub- 
strate are under an identical pressure; charging the 
pressure vessel with a gas having a solubility in a liquid; s 
introducing the liquid into the pressure vessel; and pres- 
surizing the liquid so as to forcibly dissolve residual bub- 
bles of the gas in the micro-cavities into the liquid 
thereby to infiltrate the liquid into the micro-cavities. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] 

Figure 1 is a schematic diagram of the plating appa- rs 
ratus of the present invention; 
Figure 2 is a conceptual illustration of the air- 
removal mechanism for residual air from micro-cav- 
ities by pressure reduction; 

Figure 3 is a conceptual illustration of the growth so 
process of a bubble due to nucleate boiling; 
Figure 4 is a conceptual illustration of air-removal 
mechanism by reduced pressure boiling; 
Figure 5 is a water vapor pressure curve of satu- 
rated vapor; 25 
Figure 6 is a conceptual illustration of piating solu- 
tion replacement mechanism in the cavities by 
pressure reduction; 

Figure 7 is a second embodiment of the plating 
apparatus of the present invention; 30 
Figure 8 is a third embodiment of the plating appa- 
ratus of the present invention; 
Figure 9 is a fourth embodiment of the plating appa- 
ratus of the present invention; 
Figure 10 is a cross sectional view of the substrate 35 
heating device shown in Figure 9; 
Figure 1 1 is a fifth embodiment of the plating appa- 
ratus of the present invention; 
Figure 1 2 is a sixth embodiment of the plating appa- 
ratus of the present invention; 40 
Figure 13 is a schematic drawing of the pre-plating 
treatment apparatus of the present invention; 
Figure 1 4 is a schematic illustration of a liquid infil- 
tration process into micro-cavities; 
Figure 15 is a schematic illustration of another 45 
embocfiment of the pre-plating treatment apparatus; 
Figure 16 is a schematic illustration of another 
embodiment of the pre-plating treatment apparatus; 
Figure 17 is a schematic illustration of another 
embodiment of the pre-plating treatment apparatus; 50 
Figure 18 is a schematic illustration of another 
embodiment of the pre-plating treatment apparatus; 
Figure 19 is a schematic illustration of another 
embodiment of the pre-plating treatment apparatus; 
Figure 20 is a schematic illustration of another 55 
embodiment of the pr&plating treatment apparatus; 
Figure 21 is a schematic illustration of another 
embodiment of the pre-plating treatment apparatus; 



Figure 22 is an overall schematic view of an embod- 
iment of the plating apparatus for semiconductor 
wafer; 

Figure 23 is a flowchart for the piating process 
steps for the process in Figure 22; 
Figure 24 is an overall schematic view of another 
embodiment of the plating apparatus for semicon- 
ductor wafer; 

Figure 25 is a flowchart for the steps for the plating 
apparatus shown in Figure 24; 
Figure 26 is another flowchart for the plating appa- 
ratus shown in Rgure 24; 

Figure 27 is an illustration of bubbles remaining in a 
micro-cavity on a substrate immersed in liquid; 
Rgure 28 is a schematic diagram of a conventional 
plating apparatus; and 

Rgure 29 is an illustration of the air bubbles remain- 
ing in the cavities. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0044] Figure 1 is a schematic drawing of an electro- 
plating apparatus of the present invention. A plating 
chamber 1 is a air-tightly closable vessel having a cath- 
ode 3 with a substrate W and an anode 4 which are both 
connected to an electrical power source 5, Plating 
chamber 1 is provided with a temperature sensor 6 for 
detecting the temperature of the plating solution 9, and 
a chamber liquid heater 10, which is controlled by a 
temperature controller (not shown) according to output 
data from the temperature sensor 6 to maintain the plat- 
ing solution 9 at a specific constant temperature. 
10045] Plating chamber 1 is connected by an exhaust 
pipe 25 having a shutoff valve 23 and a flow control 
valve 22 to a vacuum pump 21, thereby enabling to 
selectively maintain the pressure inside the chamber 1 
at a vacuum less than the saturated vapor pressure of 
the plating solution or a pressure intermediate between 
atmospheric pressure and the saturated vapor pres- 
sure Plating chamber 1 is also connected to a gas sup- 
ply source (not shown) through a gas inlet pipe 26 so as 
to keep the interior chamber pressure at or above the 
atmospheric pressure. Interior pressure inside the 
chamber 1 is controlled by a pressure gage 7 and a 
pressure switch 8, and switching of pressure is per- 
formed by shutoff valves 23, 24 in exhaust pipe 25 and 
gas inlet pipe 26, respectively. 
10046] The process of plating a substrate W having 
micro-cavities (shortened to cavities hereinafter) usirig 
the plating apparatus will be explained. The substrate W 
is disposed inside the chamber 1 and immersed in the 
plating solution 9, then the vacuum pump 21 is operated 
to exhaust air from inside the chamber 1 through the 
exhaust pipe 25. Residual air 48 in the cavity C shown 
in Figure 2A increases its volume due to pressure 
reduction in the surrounding, and as shown in Rgure 
2B, a part of which is removed from the cavity C. After 
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this step, the pressure is returned to atmospheric pres- 
sure, and the residual air inside the cavity C reduces its 
volume, and as shown in Figure 2C, the plating solution 
9 flows into a portion of the cavity C. 
[0047] Chamber 1 is again reduced in pressure, and 
the solubility of air in the plating solution 9 is reduced, 
and fine-air-bubbles are formed in the solution 9. Also, 
with reduction in the interior chamber pressure, the vol- 
ume of air bubbles adhering to the solid surface of com- 
ponents immersed in the plating solution 9 is also 
increased, and with a proportional increase in the buoy- 
ancy, the bubbles are floated off the solid surfaces and 
removed from the plating solution 9. 
[0048] Next, the pressure in the chamber 1 in the con- 
dition shown in Figure 4A is again reduced to a pressure 
less than the saturated vapor pressure of the plating 
solution 9, the liquid begins to boil or vaporize from the 
surface as well as from its interior, as illustrated in Fig- 
ures 4A to 4B. In general, bubbles remaining inside the 
cavity C, as shown in Figure 3, act as nuclei for boiling, 
and generate a process of repeated bubble growth and 
bubble rising. The cavities C formed on the substrate W 
can act as boiling nuclei, and the bubbles 44, 45, 46 
generated by nucleate boiling mix with residual air in the 
cavity C to form a large bubble 49 which is removed 
from the cavity C. After this step, when the interior pres- 
sure Is returned to atmospheric pressure, plating solu- 
tion 9 infiltrates into the cavity C as shown in Figure 4C. 
In this condition, power is turned on to the electrodes to 
carry out plating. 

[0049] It should be noted that, as shown in Figure 5, 
boiling point of water is dependent on the pressure. 
Also, boiling point of plating solution 9 is higher than that 
of water because of solutes in the plating solution. To 
boil such a liquid, it is necessary to heat the water to a 
temperature higher than 100 °C, but by reducing the 
interior pressure of the chamber 1, the liquid can be 
boiled at a lower tenperature. For example, if the pres- 
sure is reduced to about 2700 to 27,000 Pa (20 to 200 
Torr), the temperature of the substrate W may need to 
be only 30-70 °C so that healing energy can be 
reduced and process time is shortened. 
[0050] In the above process, pre-plating treatment is 
infiltration of the plating solution 9 into the cavities C, but 
it is also possible to replace the plating solution 9 in the 
cavity C during the plating process, by reducing the inte- 
rior pressure to less than the saturated vapor pressure 
of the plating solution 9. When the interior pressure is 
reduced during the plating process, solution boiling is 
induced by the cavity C acting as boiling nuclei thereby 
to stir mp the surrounding plating solution 9. After which, 
the interior pressure is returned to atmospheric pres- 
sure, or pressurized once before returning to atmos- 
pheric pressure, then fresh plating solution 9 flows into 
the cavity C. It is preferable to carry out this boiling step 
and pressurizing step repeatedly during the plating 
process. 

[0051] Figure 7 shows a second embodiment of the 



plating apparatus. In this case, the substrate W is 
attached to the bottom surface of the support jig 13 dis- 
posed in the upper section of the plating chamber 1. 
Plating solution 9 is stirred and circulated within the 

5 chamber 1 by the stirrer 11. The liquid heater 10 
immersed in the plating solution 9 heats the solution, 
and the temperature sensor 6 monitors the solution 
temperature and adjusts the heater power through a 
controller (not shown) to maintain the plating solution 9 

10 at a constant specific temperature. 

[0052] Plating chamber 1 is connected through a set 
of parallel auxiliary-exhaust pipe 29 and the main 
exhaust pipe 30 to a vacuum pump 21, in which the. 
main exhaust pipe 30 is provided with a shutoff valve 32 

is and the auxiliary-exhaust pipe 29 is provided with a 
shutoff valve 31 and a variable resistance valve 33. This 
arrangement allows a quick pressure reduction from 
atmospheric pressure by pumping with all the valves 
31 -33 open, and after reaching a certain degree of vac- 

20 uum. shutoff valve on the main exhaust pipe is closed, 
and the interior pressure is adjusted within a narrow 
range by operating the variable resistance valve 33. 
Therefore, the interior pressure of the plating chamber 1 
can be switched to a vacuum of less than the saturated 

25 vapor pressure or an intermediate pressure between 
the saturated vapor pressure and the atmospheric pres- 
sure. The operation of this embodiment apparatus is the 
same as the first embodiment apparatus, and explana- 
tion will be omitted. 

30 [0053] Figure 8 is a schematic illustration of a third 
plating apparatus. The differences between this embod- 
iment apparatus and the first apparatus are that there 
are an ultrasonic vibrator device 1 7 disposed to oppose 
the substrate holding stage 12 in the chamber 1 and a 

$5 stirrer 11 in a certain location of the chamber 1. This 
apparatus is also able to remove residual air bubbles 
from the cavities C through the steps described in the 
previous embodiment, but this apparatus is able to 
operate the ultrasonic vibrator device 17 at certain 

40 amplitude and frequency in each step as needed, to 
facilitate removal of bubbles from the cavities C and/or 
nucleate boiling. 

[0054] Figure 9 shows a fourth embodiment of the 
plating apparatus of the present inventioa This appara- 

45 tus is provided with a heating section for healing the 
back surface of the substrate W as shown in Figure 10. 
Specifically, the substrate W is supported on a substrate 
holding stage 12 comprised by a circular bottom plate 
12a of a diameter larger than the substrate W and a lat- 

so eral wall section 1 2b surrounding the bottom plate 1 2a. 
A sealed liquid space is formed below the substrate W 
by seals 18, 19, and a heater 14 for heating the sub- 
strate W is provided in the space. The substrate heater 
14 is encased in a heat-resistant electrical insulting rub- 

55 ber, and is connected to an external power source (not 
shown) through the substrate stage 12. The substrate 
heater 14 is thus able to provide heat to the substrate W 
without coming into contact with the plating solution 9. It 
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is also possible to assign the substrate stage 12 to act 
as the cathode 3. 

[0055] The operation of the apparatus having the 
above structure will be explained next The substrate W 
isdisposed inside the chamber 1 and is immersed in the s 
plating solution 9, then the interior space is evacuated 
through the exhaust pipe 25 by operating the vacuum 
pump 21 . Residual air 48 in the cavity C shown in Figure 
2A increases its volume because of reduced pressure, 
and as shown in Figure 2B, a portion of the air is 10 
removed from the cavity G After this step, when the 
interior pressure is returned to atmospheric pressure, 
the volume of residual air is compressed and, as shown 
in Figure 2C, plating solution 9 enters into the cavity C. 
10056] In this condition, the substrate W is heated is 
from the back by the substrate heater 14, which heats 
the inside space of the cavity C from the underside. In 
this case, solubility of air that can be dissolved in plating 
solution 9 inside the cavity C is lowered, and the volume 
of residual air 48 is expanded. When the temperature of 20 
the plating solution inside the cavity C reaches a certain 
value, the volume of the bubbles adhering to the solid 
surfaces in the plating solution 9 is also increased, and 
the buoyancy increased in proportion to the volume 
increase assist the bubbles to depart from the solid sur- 25 
faces and be removed from the plating solution 9. 
[0057] When the temperature of plating solution 9 
exceeds the botriQ port of the plating solution 9 under 
the exists wttmxx pressure, air 48 in the state shown 
in Figure 4A be^n* to bori or vaporize from the surface 30 
as well as from the ntenor of the liquid 9, as illustrated 
in Figures 4B * th* case, bubbles 43 remaining inside 
the cavity C. as shown n Figure 3, act as nuclei for boil- 
ing, and generate a process of repeated growth and ris- 
ing illustrated by bubbles 44, 45, 46. Bubbles 44, 45, 48 35 
generated by nudeate boding mix with residual air in the 
cavity C to form a targe bubble 49 which is removed 
from the cavity C. After this step, when the interior pres- 
sure is returned to atmospheric pressure, plating solu- 
tion 9 infiltrates the cavity C as shown in Figure 4C. In 40 
this condition, power is turned on to the electrodes to 
carry out plating. 

[0058] In the above process, pre-plating treatment is 
infiltration of the plating solution 9 into the cavities C ( but 
it is also possible to replace the plating solution 9 in the 45 
cavity C during the ptetmg process, by heating the sub- 
strate W during the platmg process. When the substrate 
W is heated during the plating process so that the tem- 
perature of the plating solution 9 locally becomes higher 
than the boiling point at that pressure, nucleate boiling so 
is generated in the cavity C acting as boiling nuclei to 
stir up the surrounding plating solution 9. After which, 
the interior pressure is returned to atmospheric pres- 
sure, ftien fresh plating solution 9f lows into the cavity C. 
[0059] Figure 1 1 shows a schematic diagram of the ss 
plating apparatus in a fifth embodiment. In this appara- 
tus, the substrate W is attached vertically to the bottom 
surface of a support jig 13 disposed in the upper section 



of the chamber 1 . Opposite to the substrate W, a fan 1 6 
directs the plating solution 9 towards the surface of sub- 
strate W. Similar to the apparatus shown in Figure 7, 
plating chamber 1 is provided with an auxiliary-exhaust 
pipe 29 and the main exhaust pipe 30 so as to enable 
quick switching of the interior pressure between a 
reduced pressure below the saturated vapor pressure of 
the plating solution 9 and a reduced pressure intermedi- 
ate between the saturated vapor pressure and atmos- 
pheric pressure. Basic operation of the apparatus is the 
same as that in previous apparatus, and the explana- 
tions are omitted. 

{0060] Also, as shown in Figure 12 for the sixth 
embodiment, other than heating to boil the liquid in the 
space of the cavity C, liquid entry into the cavity C or liq- 
uid replacement in the cavity C can be enhanced by 
using the ultrasonic vibration device 17 or by vibrating 
the substrate W itself. 

[0061 ] The following embodiments relate to predat- 
ing treatment apparatuses to provide a pre-plating treat- 
ment to substrate W by using the apparatus shown in 
Figure 28, for example. The apparatus shown in Figure 
13 is comprised by an air-tightly closabie vessel type 
processing chamber 53, a vacuum pipe 54. liquid inlet 
pipe 55, gas inlet pipe 56 and gas exhaust pipe 57 
respectively connected to the chamber 53. Processing 
chamber 53 is provided with a pressure gage 7, a pres- 
sure switch 8 and a safety valve 36. and a substrate 
stage 12 for placing the substrate W. 
[0062] Vacuum pipe 54 is provided with a shutoff valve 
23 and a vacuum pump 21 , and is capable of reducing 
the interior pressure of the chamber 53 to a suitable low 
pressure. A liquid supply source (not shown) is con- 
nected, through a liquid inlet pipe 55 having a shutoff 
valve 34 and a flowmeter 40, to a nozzle 55a facing the 
substrate stage 12 in the processing chamber 53 to 
introduce a desired volume of liquid in the processing 
chamber 53. Gas inlet pipe 56 has a regulator 51 and a 
shutoff valve 24, and gas exhaust pipe 57 is open to 
atmosphere by way of a shutoff valve 31 . Further, a liq- 
uid discharge pipe 58 with a shutoff valve 35 is provided 
at the bottommost section of the processing chamber 
53. Gas inlet pipe 56 and liquid discharge pipe 58 are 
operated together to facilitate discharge and blow of the 
liquid. 

[0063] The process of pre-plating treatment using the 
apparatus will be explained next The substrate W is 
provided with micro cavities C on the surface, similar to 
those shown in Figure 29, of a size of 0.2 ym width and 
0.8 urn depth, for example. As shown in Figure 14A, the 
substrate W is placed on the substrate support and the 
sealed chamber 53 is evacuated by opening the shutoff 
valve 23 and operating the vacuum pump 21 to exhaust 
non-condensable gases, such as air. through the vac- 
uum pipe 54 to attain a reduced pressure of about 0.01 
Torr. 

[0064] Next, as shown in Figure 14B, a suitable liquid 
medium such as plating solution, high purity water or 
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alcohol is introduced into the chamber 53, through the 
liquid inlet pipe 55 and the nozzle 55a, at normal pres- 
sure and temperature. The liquid at first exists as a 
vapor 50 in the space of the sealed chamber 53. When 
more liquid is supplied so that the pressure inside the 5 
chamber 53 reached the saturated vapor pressure, the 
liquid begins to collect as liquid in the chamber 53, and 
when the substrate W is immersed in the liquid, its sur- 
face comes into contact with the liquid. 
[0065] In this state, bubbles remain on the inside sur- 10 
faces of the cavity C on the substrate W, because of sur- 
face tension and other effects. Therefore, as shown in 
Figure 14D, by opening the shutoff valve 24 of the gas 
inlet pipe 56, a gas 28 is introduced into the sealed 
chamber 53 to pressurize the liquid, or vibration device 15 
is operated thereby to collapse the bubbles and let the 
liquid infiltrate the cavity C. in the example shown in Fig- 
ure 13, vibration is generated by repeating opening and 
closing of the shutoff valve 31 of gas inlet pipe 57 in 
short cycl es by a driver device not shown while applying 20 
gas pressure from the gas inlet pipe 56. 
[0066] To facilitate infiltration of a liquid into the cavity 
C. the liquid in this case is preferably a substance of 
small surface tension with respect to the substrate W or 
some surface active agent may be added to the liquid. 25 
[0067] After providing such a pre-plating treatment, 
the substrate W is removed from the processing cham- 
ber 53 so as not to dry the substrate W before it is trans- 
ferred to the plating chamber 1 (refer to Figure 28), and 
is then immersed in the plating solution 9 to perform 30 
electroplating or electroless plating. Because of pre- 
plating treatment, the cavity C is already infiltrated with 
the liquid, and the plating solution 9 can merge into the 
liquid inside the cavity C to promote plating on the inside 
surfaces. 35 
[0068] In the apparatus shown in Figure 1 3, substrate 
W is processed one at a time, but a plurality of substrate 
W may be processed simultaneously. This is accom- 
plished by using a cassette to contain a plurality of sub- 
strates W so as to permit handling of a plurality of 40 
processed substrates or substrates to be processed at 
a time thereby to improve the productivity. If the cassette 
can hold liquid, substrates W can be prevented from 
drying by retaining them in the immersed state. 
Processing chamber 53 and the plating apparatus may 45 
be made as one chamber so that pre-plating and plating 
processes can be carried out continually. 
[0069] Figure 15 shows another embodiment of the 
pre-plating treatment apparatus. This apparatus is simi- 
lar to the one shown in Rgure 13, but differs in the so 
aspect of the method of applying vibration. In this case, 
gas inlet pipe 56 and gas discharge pipe 57 are 
branched through a rotary valve 59. By the rotational 
action of the rotary valve 59, the processing chamber 53 
is alternately connected to either the gas inlet pipe 56 or ss 
the gas discharge pipe 57 thereby to generate a large 
pressure variation. 

[0070] Figure 16 shows still another embodiment of 



the pre-plating treatment apparatus. This apparatus is 
roughly similar to the previous apparatus, but differs in 
the method of varying the pressure. In this case, an 
ultrasonic vibrator 60 is disposed in the processing 
chamber 53 so that, after the ultrasonic vibrator 60 and 
the substrate W are immersed in the liquid 52, the vibra- 
tor 60 is activated to apply vibration by way of plating 
solution 9 to the substrate W. 
[0071] Rgure 17 shows still another embodiment of 
the pre-plating treatment apparatus. This apparatus is 
roughly similar to the previous apparatus also, but dif- 
fers in the aspect of liquid admitting system having a 
plurality of liquid inlet pipes 55A. 55B, 55C. Thus, it is 
possible to supply a plurality of liquids to the processing 
chamber 53 sequentially or at the same time. Therefore, 
depending on the type of substrate and treatment con- 
ditions, substances having different properties, such as 
different boiling points or additive agents such as sur- 
face activator can be supplied to the chamber 53 at a 
given quantity or in a given sequence. 
[0072] Figure 1 8 is a still another embodiment of the 
pre-plating treatment apparatus. This apparatus is com- 
prised primarily by an air-tightly cfosable vessel-like 
processing chamber 53 and a vacuum pipe 54. a con- 
densable gas inlet pipe 94, a liquid inlet pipe 56, a gas 
discharge pipe 57, a liquid discharge ppe 58 connected 
to the chamber 53 respectively. A pressure gage 7, a 
pressure switch 8, and a safety valve 36 are attached to 
the processing chamber 53. A sii>strate stage 12 for 
placing the substrate W is disposed inside the chamber 
53, and the substrate stage 12 is provided with an ultra- 
sonic vibrator 60. A cooling medium header 70, pro- 
vided on the back side of the substrate stage 12, is 
connected to a cooling medium chiller device 69 via 
cooling medium delivery pipes 67, 68. The cooling 
medium header 70 is filled with a cooling medium sup- 
plied from the medium chiller device 69, and controls 
the temperature of the substrate W through the sub- 
strate stage 12. 

[0073] Vacuum pipe 54 is connected to a vacuum 
pump through a shutoff vafve 23 to reduce the chamber 
pressure to a desired low pressure. Condensable gas 
inlet pipe 94 admits a gas condensable at a certain 
pressure and a temperature into the chamber 53 
through a shutoff valve 95. Liquid inlet valve 55 is con- 
nected to a nozzle 55a facing the substrate stage 12 
inside the chamber 53 through a shutoff valve 34 and a 
flowmeter 40 for introducing a certain desired quantity 
of liquid inside the chamber 53. The liquid inlet pipe has 
two branches for admitting two types of liquid sequen- 
tially or at the same time. Gas inlet pipe 56 is connected 
to a gas source through a regulator 51 and a shutoff 
valve 24, and gas discharge pipe 57 is drawn to the 
external through a shutoff valve 31. Liquid discharge 
ppe 58 is connected to a storage tank (not shown) 
through a shutoff valve 35. 

[0074] A method of using the apparatus of construc- 
tion presented above to provide a pre-plating process 
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will be explained next First, the substrate W is placed 
on the substrate stage 12, and the pressure inside the 
chamber 53 is reduced, to an appropriately low level 
required by the processing parameters. Ethyl alcohol is 
then introduced into the chamber 53 through the gas 5 
inlet pipe 94, so that the interior pressure will be 5500 
Pa (41 Torr). When the interior temperature is 20 °C, this 
alcohol is in a vapor state inside me chamber 53. There- 
fore, alcohol vapor fills the chamber space including the 
cavities C formed on the substrate W. 10 
[0075] Next, cooling medium at 5 °C is supplied to the 
cooling medium header 70 from the chiller 69 to cool the 
substrate W through the substrate stage 1 2. As the sub- 
strate W is cooled, ethyl alcohol inside the cavity C is 
cooled and condensation of alcohol takes place. When 15 
the vapor is cooled gradually as in this case, the vapor 
can be in a supercooled state so that often the vapor 
does not condense (liquefy) even when the temperature 
reaches below the condensing temperature. Therefore, 
in this embodiment, the substrate W is vibrated with the so 
ultrasonic vibrator 60 to force the alcohol vapor in the 
cavities C to be released from the super-cooled state to 
commence condensation. Ethyl alcohol vapo* inside the 
cavity C begins to condense as the result of application 
of cooling and ultrasonic vibration, and attaches to the 25 
Inside surface of the cavity C in the form of droplets or 
film. Thus, ethyl alcohol liquid is infiltrated inside the 
cavity C 

[0076] After applying this pre-plating treatment, plat- 
ing solution and other liquid are introduced through the so 
liquid inlet pipe 55 to immerse the substrate W, then. . 
these liquids flow into the cavity C by the effect of sur- 
face tension forces between the liquid ethyl alcohol 
already existing inside the cavities C and the new liq- 
uids. To assure complete infiltration of those liquids into 35 
the cavities C, substrate W may be vibrated with the 
ultrasonic vibrator 60 or the pressure may be varied 
using the gas inlet pipe 56 and gas discharge pipe 57. 
[0077] It should be noted that the condensable gas 
should have small surface tension with respect to the 40 
material of substrate W and high affinity with the plating 
solution to assure complete liquid infiltration into the 
cavities C. Condensable gases of such nature includes 
water, propyl alcohol, acetone and ammonia. 
[0078] After providing such a pre-plating treatment, 45 
the substrate W is taken out of the chamber 53, and is 
transferred while still wet to plating chamber 1 shown in 
Figure 28 to immerse in the plating solution to carry out 
plating. Because of the pre-plating treatment, the cavi- 
ties C are filled reliably with the plating solution to pro- so 
duce a metal deposit of high quality inside the cavities 
C. 

[0079] In the apparatus shown in Figure 1 8. substrate 
W was handled one at a time, but a plurality of sub- 
strates W may be treated by having a cassette to hold ss 
many substrates. Supply aid transfer of substrates can 
be facilitated by using such a cassette, and by filling the 
cassette with a liquid, drying of the substrates W can be 



prevented. 

[0080] Figure 1 9 shows another pre-plating treatment 
apparatus. This apparatus is similar to the one shown in 
Figure 18 but differs in one respect of using a Peltier 
cooling element 66 for cooling the substrate W. The 
advantage is that coolant chiller device 69 and cooling 
medium delivery pipes 67, 68 are not required. 
[0081 ] Figure 20 shows an apparatus which combines 
the pre-plating apparatus using the Peltier cooling ele- 
ment 66 with the plating apparatus shown in Figure 28. 
In addition to the pre-plating apparatus shown in Figure 
19, this apparatus is provided with a pump 74 for sup- 
plying a plating solution to the chamber 53 through a 
supply pipe 75, and a drain pipe 77 to drain off spent 
solution into a storage tank 76 through a valve 32 dis- 
posed at the bottom section of the chamber 53. The 
combined apparatus is also provided with an anode 4 
and a cathode 3 and an electrical power source 5. 
[0082] In using this apparatus, the plating solution is 
first drained through the drain pipe 77 to prepare the 
apparatus for pre-plating treatment in accordance with 
the method described above. When the cavities C are 
filled with some treatment liquid, the pre-plating treat- 
ment is stopped, and after breaking the vacuum as 
required, plating solution is supplied through the supply 
pipe 75 to perform plating. This combination apparatus 
is advantageous because there is no need to transfer 
the substrates such that plating process can be carried 
out following the pre-plating treatment without interrup- 
tion, thereby saving considerable number of operational 
steps. 

[0083] Figure 21 shows such an apparatus to provide 
continuous predating and plating operations. The 
apparatus is comprised by a pre-treatment chamber 97 t 
a load-and-Iock chamber 96 to enable to load and 
unload the substrates W without breaking the atmos- 
phere in the pre-treatment chamber 97, a plating cham- 
ber 98, and a substrate supply chamber 100 to supply 
the substrates W. Load-and-Iock chamber 96 is con- 
nected to other chambers by way of a gate 1 00 respec- 
tively. The load-and-Iock chamber 96 is connected to an 
exhaust path for evacuation, and is also provided with a 
substrate transport system such as robotic hand. In this 
example, two plating chambers 98 are provided for one 
pre-treatment chamber 97, in view of the length of time 
required for pre-treatment process. 
[0084] In the present apparatus, substrates are trans- 
ferred between the load-and-Iock chamber 96 and pre- 
treatment chamber 97, with the load-and-Iock chamber 
97 in an evacuated state by closing the gate 99 between 
the plating chamber 98 and the substrate supply cham- 
ber 100. This arrangement permits substrate W to be 
loaded and unloaded without breaking the vacuum in 
the pre-treatment chamber 97 so that processing in the 
pre-treatment chamber 97 can be carried out without 
loss of time. The load-and-Iock chamber may be pro- 
vided with more than five entrances and also, a cleaning 
chamber may be provided as needed. 
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[0085] In the following, another embodiment of the 
plating apparatus will be explained with reference to the 
drawings. Figure 22 shows an overall schematic view of 
the apparatus for filling the cavities W with metal plating. 
{0086] The apparatus is comprised by a substrate fix- 
ation plat9 110 for fixing the substrate W in place by 
suction on one surface of the substrate W, a cap section 

120 for covering the opposite surface of the substrate 
W, piping 130 attached to the cap section 120, a liquid 
switching device 140, a pressurization control valve 
150, and a liquid temperature switching device 160 pro- 
vided within , the piping 130, and a substrate heating 
device 170 disposed near the substrate fixation plate 
110. The structure of these components will be 
explained below. 

[0087] Substrate fixation plate 110 is a pressure 
resistant quartz plate to withstand pressures in excess 
of 10 kgf/cm 2 , and has a shallow depression section 
1 1 1 on one surface for receiving the substrate W at a 
fixed position, and holes 112 are provided to open 
within the depression section 1 1 1 for vacuum chucking 
of the substrate W. 

{0088] Cap section 120 is also resistant to pressures 
in excess of 1 0 kgrVcm 2 and has a depressed part oppo- 
site to the substrate W to form a liquid holding space 

121 so that it may be used tor electroplating operation 
by placing an anode 123 on the bottom surface of the 
liquid holding space 121 For etectrdess plating, anode 
123 is not requved Uojutf supply piping 130 is con- 
nected to inlet and outlet pons 125, 127 formed in the 
cap section 120 to protnde the liquid holding space 121 
with liquids such as plating solution or cleaning solution. 
A packing 129 is provided around the periphery of the 
cap section 120 to seal the liquid holding space 121 by 
having the cap section 120 pressing down on the sub- 
strate W. 

[0089] Liquid switching device 140 splits the pipe 1 30 
into two branches provrfed with a respective switching 
valve 141 and 143. For example, by opening the valve 
141 and closing the valve 143, the plating solution flows 
into the liquid holding space 121 through the valve 141 , 
and when the valve 141 is dosed but the valve 143 is 
opened, a cleaning solution such as pure water for 
cleaning out the plating solution is supplied into the liq- 
uid holding space 121 through the pipe 130. When the 
cleaning solution is being supplied to cap section 120, 
valve 187 is opened so that the spent deaning solution 
can be drained to the drain trough 189. 
[0090] Liquid temperature switching device 160 is pro- 
vided with a low temperature chamber 161 and a high 
temperature chamber 163 for storing the plating solu- 
tion, and each tank is connected to the cap section 120 
at the discharge end through pipe 130 and respective 
valves 181, 183. The pipe 130 is introduced to each of 
the chamber 1 61 , 1 63 by way of a respective pump 165. 
166 and one-way valve 167. 168. Downstream side of 
the one way valves 167, 168 is merged into one pipe 
130 and is connected to a pressurization control valve 



150. High temperature chamber 161 uses a heater 162 
to keep the plating solution at a temperature in a range 
of 25-40 °C for electroplating or in a range of 50-90 °C 
for electroless plating, for example. Low temperature 
5 chamber 1 63 is for keeping the plating solution at room 
temperature, for example. The pipe 130 on the dis- 
charge port side of the cap section 120 is provided with 
a valve 185. 

[0091] Substrate heating device 170 may be a lamp 
io heater, and is used to warm the substrate W from its 
back side through the transparent substrate fixation 
plate 1 10 made of quartz. 

[0092] Figure 23 is a flowchart showing operational 
procedures for the plating apparatus described above. 

is Operational steps will be explained with reference to 
Figures 22 and 23. First, the back surface of the sub- 
strate W not having the cavities G is placed in the 
depression section 111 to face the fixation plate 110, 
and is aspirated through the holes 1 12 to be vacuum 

so chucked in the depression section 111. The cap section 
1 20 is placed to cover the opposite fabricated surface of 
the substrate W and pressed against the packing 1 29 by 
means of a clamp device not shown (step 1). Fabricated 
surface of the substrate W is thus exposed to the sealed 

25 liquid holding space 121. In this condition, the valves 

.... 141, 143, 181 , 183, 185 and 187 are all dosed. 

[0093] Next the substrate W is heated from its back 
surface by means of the substrate heating device 170 to 
warm the substrate W to about 11 0 °C for example. 

30 [0094] Next, heating is stopped (step 3), and the 
valves 141, 185, 183 are opened and the pump 166 is 
operated, so as to fill the liquid holding space 121 with 
the plating solution from the tow temperature chamber 
163 and, thereafter, circulate the low-temperature solu- 

35 tion (step 4). The flow rate of the circulating liquid 
should be such as to replace residual air within the cap 
section 120 with the plating solution effectively, but not 
so large to cause flow resistance and foaming. The rea- 
son for choosing low temperature (room temperature) 

40 for the electroplating solution is to increase solubility of 
air in the solution (solubility of gas increases in general 
with tow temperature and high pressure of a system), (n 
the case of electroless plating, the substrate W is kept 
at a temperature insufficient for plating in this step. 

45 When the substrate W is heated by the heating device 
170 in step 6 (to be described later) and if there is a 
danger of electroless plating of the substrate W, the 
plating solution is kept free of any catalyst in this stage. 
[0095] Fabricated surface of the substrate W comes 

so into contact with the plating solution by steps taken so 
far, but some of the cavities C will still contain some 
residual air. The plating sdution is at atmospheric pres- 
sure in this stage. 

[0096] Next, pump 1 66 is operated while closing the 
55 valve 185 so that the plating sdution inside the liquid 
holding space 121 will be pressurized to about 20 
kgf/cm 2 by the pressurization control valve 1 50 (step 5). 
Pressurization causes the residual air inside the cavities 
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C to be compressed to facilitate dissolution Into the plat- 
ing solution, thereby reducing the residual air 
[0097] While leaving the apparatus in this condition, 
the substrate W is heated by the heating device 170 to 
about 100 °C to expand the residual air inside the cavi- 5 
ties C (step 6). Some of the residual air wfll be expelled 
outside of the cavities C at this stage. 
[0098] In this embodiment, lamp heater is used for the 
substrate heater device 170 so that only the back sur- 
face of the substrate W will be heated rapidly through w 
the transparent quartz plate 110, while the surface can 
be quickly cooled by turning off the lamp. Therefore, the 
present method is more advantageous, compared with 
heatirtg 4 the substrate W with the fixation plate 1 10 itself, 
because heating/cooling needs of the substrate W can is 
be met very quicldy. Thus, this method is not only com- 
patible with other treatments such as pressure changes, 
but avoidable of any danger of extending the heating to 
the solution inside the space 121, which may cause 
undesirable plating. 20 
[0099] Next, valve 185 is opened to quickly reduce the 
pressure inside the space 121 (step 7) from a pressure 
at 10 kgf/cm 2 to normal pressure, for example. This 
treatment causes the residual air, trapped in the cavities 
C at high temperature and pressure, to be rapidly 25 
expanded and expelled out and be replaced with the 
plating solution flowing in and filling the cavities C. 
[01 00] The above steps 2-7 represent a plating solu- 
tion infiltration process, but if one such treatment is not 
sufficient to fill in the cavities C with the plating solution, 30 
the process can be repeated by returning to step 3. 
[0101] Next, the operation moves from the solution 
infiltration stage to the plating stage. First, the substrate 
heating device 1 70 is turned off (step 8), and the pump 
166 is stopped and valve 183 is closed. The other pump 35 
165 is operated and valve 1 81 is opened, thereby circu- 
lating the high temperature plating solution inside the 
liquid holding space 121 (step 9). The pressure inside 
the hqud holding space 121 is kept at about atmos- 
pheric pressure. The flow rate of circulating (quid is <o 
controlled to provide a plating solution f low of a uniform 
speed over the substrate W and not to affect the flow 
resistance. The solution temperature is controlled by 
the heater 162. 

[0102] If the plating process is electroless plating, the 45 
fabricated surface of substrate W is plated with copper 
at this stage. If the process is electrolytic plating, an 
electric field is applied between the substrate W and the 
anode 123 to carry out plating of the substrate W. 
[0103] Electroplating solution may be an aqueous so 
solution containing CuS0 4 »5H 2 0 and sulfuric acid, 
additives and chloride ions, while electroless plating 
solution may be, for example, an aqueous solution con- 
taining CUSCV5H2O and ethylenediaminetetraacetic 
acid tetrasoidum salt (EDTA.4Na), tetramethylammo- 55 
nium hydroxide (TMAH) and formalin. 
[01 04] After plating for a given period (step 1 0), pump 
165 is stopped and valves 141, 181 are closed and 



valves 143 and 187 are opened to supply pure water to 
the space 121 to replace plating solution to clean the 
surface of the substrate W (step 1 1). Next, cleaning 
solution is discharged from the space 121 and the sub- 
strate W is removed (step 12). 
[01 05] The substrate W thus plated according to the 
various embodied methods presented above is illus- 
trated in Figure 27B, which shows that the cavities C on 
the substrate surface (wiring grooves 303 and contact 
holes 301 in Figure 27) are plated. Plated substrate W 
is further processed by chemical mechanical polishing 
(CMP) to leave plated metal inside the cavity C, and 
remove all other plated deposit on the surface, thereby 
to produce wiring 31 1 and plugs 313 shown in Figure 
27C. In the illustration, 302 designates a Si0 2 insulation 
film, 306 a barrier layer and 321 a conductive layer. 
[0106] The embodiments have been explained in 
detail above, but the present invention may be embod- 
ied in various modified form as explained below. 

a) In the embodiments, residual air is first placed 
under heat and pressure, and by rapidly reducing 
the pressure, residual air is rapidly expelled out of 
the cavities, but in some cases, only heating may 
be employed without pressurization so that expan- 
sion due to heating may be sufficient to expel resid- 
ual air out of the cavities. Conversely, the treatment 
process may be comprised by cyclic application of 
pressure/normal pressure steps without involving 
any heating step to drivB off residual air from the 
cavities. 

b) In the above embodiment, copper plating was 
used to plate semiconductor wafer, but other metal 
plating may also be used. 

c) In the above embodiments, plating process is 
applied to semiconductor wafer as the substrate 
material, but it is obvious that plating solution or 
other types of liquid may be infiltrated into similar 
cavities formed on other types of substrate materi- 
als. 

d) In the above embodiments, entire one surface of 
the substrate W was made to contact a liquid sub- 
stance, however, the present invention is applicable 
so long as the fine cavity portion formed on a sub- 
strate material is exposed to the liquid. It is permis- 
sible to expose both surface of a substrate W to the 
liquid substance. 

e) In the above embodiments, lamp heater was 
used as a substrate heating device, but other types 
of heating device or structures can be applied for 
the same purpose, and the location of the heating 
device is not limited to the back side of a substrate 
W. 

[01 07] Figure 24 is a schematic overall view of a plat- 
ing apparatus for semiconductor wafer. The apparatus 
is comprised by a pressure vessel 210 containing a sub- 
strate W with the outer periphery fixed in place, a gas 
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filling device 240, a vacuum device 240, an exhaust 
device 250 and a liquid pressuring device 260. Each of 
these components will be explained below. 
[01 08] The pressure vessel 210 is comprised by two 
roughly circular cover plates 211, 221. These cover 
plates 21 1 , 221 respectively have a spherical protrusion 
in the center region and outer annular peripheral sec- 
tions 215, 225. These cover plates 211, 221 form the 
pressure vessel 210 by joining them so that the outer 
annular peripheral sections 215, 225 are intimately 
mated to each other. 

[01O9J In the centerof the cover plate 211 isaport2l4 
for connecting the gas filling device 240, and in the 
center of the cover plate 221 is a port 224 for connecting 
the vacuum device 250, both of which are described 
later in detail. There are also two ports 231, 233 pro- 
vided in certain locations of the cover plate 21 1 for con- 
necting liquid pressuring device 260. 
[01 1 0] Clamping sections 1 5a, 25a are provided in the 
inner edges of both of the peripheral sections 215, 225 
for clamping a substrate W therebetween when the 
cover plates 21 1 , 221 are joined together, thereby form- 
ing two sealed spaces 11a, 21a. The peripheral sec- 
tions 215, 225 are provided with a plurality of transfer 
routes 216, 223 for communicating between the two 
spaces 11a, 21a. In certain location of the peripheral 
section 225, a port 226 communicated to the transfer 
routes 216. 223 is provided for connecting a pipe 291 for 
an air release valve 290. A packing 235 is provided for 
sealing between the outer peripheral sections 215, 225. 
[011 1] Gas filling device 240 comprises a gas supply 
source 241 such as gas cylinder, and piping 243 having 
a valve 245 and connected to the pressure vessel 210 
through a port 214 of the cover plate 21 1. Gas, in this 
case, is a type that can readily dissolve in the plating 
solution. 

[011 2] Vacuum device 250 also comprises a vacuum 
pump 251 connected to a port 224 of the cover plate 
221 through piping 253 and a valve 255. 
[01 1 3] liquid pressuring device 260 is comprised by: 
a plating solution tank 261; piping 271 connecting the 
plating solution tank 261 to pressure vessel 210 at the 
port 231 through a pump 263, a valve 265, a regulator 
267 and a valve 269; and piping 275 connecting the 
plating solution tank 261 to the upstream side of the 
valve 269 of the piping 271 through a valve 273; and 
piping 281 connecting the plating solution tank 261 and 
a port 233 of the pressure vessel 210 through a valve 
277 and a pump 279. 

[0114] Electroplating solution in the plating solution 
tank 261 may be an aqueous solution containing 
CuS0 4 • 51-^0 and sulfuric acid, additives and chloride 
ions, while electroless plating solution may be, for 
example, an aqueous solution containing 
CuS0 4 'SHaO and ethylenediaminetetraacetic acid tet- 
rasodium salt (EDTA-4Na), tetramethylammonium 
hydroxide (TMAH) and formalin, 
[01151 Figures 25, 26 are flowcharts for processes 



using the plating apparatus described above. Each 
process given in these flowcharts may be carried out 
separately but they can also be used continually. 
[01 1 6] First, the steps in Figure 25 will be explained. 

s A substrate W with cavities C is placed in one of the 
cover plates 21 1 , 221 . By joining the cover plates 21 1 , 
221 together, the peripheral portion is clamped by the 
clamping sections 15a, 25a of the peripheral sections 
215. 225, and two sealed spaces 11a, 21a are formed 

10 on both sides of the substrates. The piping 243, 253, 
271, 281, 291 are connected to respective ports of the 
pressure vessel 10 (step 1). Initially, the valves 245, 
255. 265, 269. 273. 277, 290 are closed. 
[01 17] Next, the pressure vessel 210 is evacuated by 

is opening the valve 255 and operating the pump 251 
(step 2). This step removes residual air from the cavities 
C. 

[01 18] Next, a gas is introduced into the pressure ves- 
sel 210 while closing the valve 255 and opening valve 

20 245 (step 3). In this step, the cavities C which are evac- 
uated can be readily filled with the gas. If the cavities C 
are of sufficient size that can be filled without evacuat- 
ing, this step may be omitted. 
[01 19] Next, the plating solution is introduced into the 

25 pressure vessel 21 0 while closing the valve 245. open- 
ing the two valves 265, 269 and operating the pump 263 
concurrently (step 4). in this case, air pi the vessel 210 
is removed by opening the valve 290. This step wets the 
surface of the substrate W with the plating solution, but 

30 some residual gas may be left in the cavities C because 
of the surface tension of the gas. 
[0120] After filling the interior of the pressure vessel 
210 with the plating solution, valve 290 is dosed, and 
the pump 263 is continued to be operated to pressurize 

35 the liquid in the vessel 21 0 to a high pressure (step 5). 
Pressurization is continued to reach a value set by the 
pressure regulator 267 (in this embodiment, about 30 
kgf/cm 2 ). 

[01 21] Tfte pressurization is maintained for a prede- 

40 termined time (step 6). In this step, residual gas in the 
cavities C Is readily dissolved in the plating solution, 
because of two reasons: first is that the gas is a type 
that can dissolve in the plating solution and second is 
that the system is compressed to a high pressure. Thus, 

45 the cavities C are filled with plating solution. 

[01 22] If the process is an electroless plating, the sur- 
face of the substrate W is plated with copper by holding 
the plating solution at a certain temperature. If the proc- 
ess is an electroplating process, an electric field is 

so applied between the substrate W and an anode to carry 
out plating (step 7). In either case, because the cavities 
C are filled with the plating solution, copper plating 
deposit can reliably be formed inside the cavities C. 
[0123] After closing the valves 265. 269. pump 263 is 

55 stopped, valve 277 is opened and pump 279 is operated 
to discharge the plating solution (step 8), the substrate 
W can be taken out of the pressure vessel 21 0 (step 9). 
[0124] Operating steps for another operation method 
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for the plating apparatus is shown in Figure 26 which will 
be explained next Similar to the steps shown in Figure 
25, after placing the substrate W in the pressure vessel 
210 (step 1), valve 255 is opened and pump 251 is oper- 
ated to evacuate the vessel 210 (step 2), In this step, 5 
residual air in the cavities G is removed. 
[0125] Next, by closing the valve 255 and opening the 
two valves 269, 273, the plating solution is introduced 
into the pressure vessel 210 (step 3). In this step, the 
surface of the substrate W is wetted with the plating 10 
solution and the cavities C are filled with the plating 
solution because the vessel is evacuated. 
[0126] »• 'K Next, valve 273 is closed, the valve 265 is 
opened artathe pump 263 is operated to pressurize the 
plating solution in the vessel 210 to a high pressure 15 
(step 4). Pressurization is continued to reach a value 
controlled by the pressure regulator 267 (in this embod- 
iment, about 30 kgf/cm 2 ). 

[0127] In this case, although the plating solution infil- 
trates the cavities C because the system is evacuated, 20 
if the evacuation is not complete, residual gas may 
remain in the cavities C. In such a case, by holding the 
pressure on the plating solution, residual air is highly - 
compressed and dissolved in the plating solution so that 
the cavities C can be filled with the plating solution. 25 
[0128] Here, using either electroless or electroplating 
process, copper is plated on the surface of the substrate 
W (step 5), Because the cavities C are filled with the 
plating solution, copper is reliably plated inside the cav- 
ities C. 30 
[0129] Next, by closing the valves, 265, 269 and stop- 
ping the pump 263, and opening the valve 277 and 
operating the pump 279, the plating solution is dis- 
charged from the vessel 210 (step 6) and the substrate 
W is taken out of the vessel 21 0 (step 7). 35 
[01 30] As explained above, although the steps shown 
in Figures 25, 26 may be carried out separately, they 
may be carried out continually as one series of process- 
ing operations. That is, after carrying out the steps 1 ~5 
shown in Figure 25, the plating solution is removed with- 40 
out performing any plating (skip step 6 and do step 7), 
next perform steps 2 to 7 shown in Figure 26. 
[01 31 ] By following such a sequence of steps, the cav- 
ities filled with the plating solution by the operations car- 
ried out to step 5 in Figure 25 will retain the liquid in the 45 
cavities even when exposed to a vacuum environment 
because air bubbles are not contained in the cavities. 
On the other hand, if filling is inadequate that there are 
some bubbles remaining in the cavities C, such bubbles 
are removed when the substrate W is subjected to evac- so 
uation in step 2 in Figure 26. The overall result is that 
the cavities C can befilled with the plating solution in the 
steps to follow, and all the cavities C can thus be filled 
with the plating solution, thus reliably forming a plating 
deposit inside the cavities C. 55 
[0132] It should be noted that although various 
embodiments are based on performing pre-plating 
treatment and plating processes in separate vessels or 



in the same vessel, such a choice may be made individ- 
ually in any combination unless there are fundamental 
reasons for choosing one case over the other. 
[01 33] According to its broadest aspect the invention 
relates to a method for producing a metal deposit on a 
substrate, said method comprising: immersing said sub- 
strate in a liquid; and evacuating so as to remove resid- 
ual bubbles from said micro-cavities. 
[01 34] It should be noted that the objects and advan- 
tages of the invention may be attained by means of any 
compatible combination^) particularly pointed out in 
the items of the following summary of the invention and 
the appended claims. 

SUMMARY OF THE INVENTION 

[0135] 

1. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

immersing said substrate in a liquid held in a 
processing chamber; 

evacuating said processing chamber so as to 
remove residual bubbles from said micro-cavi- 
ties and to degas said liquid within said micro* 
cavities; and 

subjecting said liquid to boiling in at least those 
regions adjacent to said substrate. 

2. A method wherein said liquid comprises a plating 
solution. 

3. A method further comprising replacing said liquid 
with a plating solution. 

4. A method wherein said processing chamber is a 
plating chamber. 

5. A method wherein said processing chamber is a 
pre-plating processing chamber. 

6. A method wherein, in said boiling step, interior 
chamber pressure is reduced to less than a satu- 
rated vapor pressure of said liquid. 

7. A method wherein, in said boiling step, said sub- 
strate is heated from a back surface of said sub- 
strate. 

8. A method wherein, between said evacuating and 
said boiling , interior chamber pressure is raised to 
a high pressure. 

9. A method wherein said boiling and said pressu- 
rizing are repeatedly carried out 

10. A method wherein said boiling is carried out 
while performing plating. 

11. An apparatus for producing a metal deposit 
inside micro-cavities fabricated on a substrate, said 
apparatus comprising: 

a sealable processing chamber; 
an evacuating device for reducing interior 
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25 

chamber pressure; and 
a gas inlet device for pressurizing said cham- 
ber interior, 

wherein said evacuating device is capable of 
selective!/ reducing interior chamber pressure s 
to at least two pressure values, one being less 
than a saturated vapor pressure of said liquid, 
and the other being an intermediate value 
between said saturated vapor pressure and 
atmospheric pressure. 10 

12. An apparatus wherein said evacuating device 
has an exhaust pipe to connect a vacuum pump to 
said processing chamber, and said exhaust pipe is 
provided with a shutoff valve and a control valve for 75 
adjusting flow resistance of said exhaust pipe. 

13. An apparatus wherein said evacuating device 
has a vacuum pump to reduce interior chamber 
pressure and two parallel exhaust piping having dif- 
ferent flow resistance to connect said vacuum so 
pump to said processing chamber. 

14. An apparatus wherein said apparatus is pro- 
video with a heating device for heating said sub- 
strate through a back surface thereof. 

15. An apparatus wherein said apparatus is pro- 25 
vtied with a vibrating device for stirring said liquid in 
said processing chamber. 

16. A method for producing a metal deposit inside 
microovities fabricated on a substrate, said 
method comprising: 30 

vruneising said substrate in a liquid; and 
subjecting said liquid to boiling in at least those 
regions adjacent to said substrate. 

35 

17. A method for fabricating wiring on a substrate 
comprising: 

immersing said substrate in a liquid in a 
processing chamber; 40 
evacuating said processing chamber so as to 
remove residual bubbles from said micro-cavi- 
ties and to degas said liquid within said micro- 
cavities; 

subjecting said liquid to boiling in at least those 45 
regions adjacent to said substrate; 
plating said substrate so as to produce a metal 
deposit inside said micro-cavities; and 
removing unwanted portions of metal deposit 
formed in said micro-cavities by polishing using so 
chemical and mechanical polishing methods. 

18. A method further comprising, between said boil- 
ing and plating, replacing said liquid with a plating 
solution. 55 

19. An apparatus for producing a metal deposit 
inside micro-cavities fabricated on a substrate, said 
apparatus comprising: 



a seaiable processing chamber; 

a vacuum device for reducing interior chamber 

pressure; 

a substrate holder for holding said substrate in 
such a way that a back surface side of said 
substrate is liquid-tight in said processing 
chamber; and 

a heater provided internally in said substrate 
holder for heating said substrate. 

20. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

placing said substrate in a seaiable processing 
chamber; 

evacuating interior of said chamber; 
immersing said substrate in a liquid; and 
pressurizing said liquid surrounding said sub- 
strate. 

21. A method wherein said method includes a step 
of providing a pressure variation to said liquid sur- 
rounding said substrate. 

22. A method wherein said liquid is selected from a 
group consisting from water, alcohol, a plating solu- 
tion and a mixture thereof. 

23. A method wherein, in said step of immersing, a 
surface active agent is used to improve wettability 
of said substrate. 

24. An apparatus for producing a metal deposit 
inside micro-cavities fabricated on a substrate, said 
apparatus comprising: 

a seaiable processing chamber; 

a vacuum exhaust passage for evacuating said 

processing chamber; 

a liquid inlet passage for supplying a liquid to 

said processing chamber; 

a gas inlet passage for pressurizing said liquid 

in said processing chamber; and 

a gas discharge passage for discharging gas 

from said processing chamber. 

25. An apparatus wherein said apparatus is pro- 
vided with a pressure varying device to produce 
pressure changes in said processing chamber. 

26. An apparatus wherein said pressure varying 
device is a shutoff valve or a switching valve pro- 
vided on at least one of said gas inlet passage or 
said gas discharge passage. 

27. An apparatus wherein said pressure varying 
device is an ultrasonic vibrator device. 

28. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

placing said substrate in a seaiable processing 
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chamber; 

charging said processing chamber with a con- 
densable gas; 

cooling said substrate to a temperature lower 
than a dew point of said condensable gas to s 
form droplets thereof within said micro-cavities. 

29. A method wherein said method includes a 
vibrating step of said substrate. 

30. A method wherein, in said charging step, charg- 10 
ing pressure of said condensable gas is varied. 

31. A method wherein said environment is evacu- 
ated prior.to said charging step. 

32. A method wherein said method includes 
immersing said substrate in a particular liquid. 15 

33. An apparatus for producing a metal deposit 
inside micro-cavities fabricated on a substrate, said 
apparatus comprising: 

a sealabie processing chamber; 20 
a gas inlet device for introducing a condensa- 
ble gas into said processing chamber; 
a substrate cooling device for cooling said sub- 
strate; and 

a liquid supply device for supplying a liquid into 25 
said processing chamber. 

34. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 30 

heating said substrate while exposing said 
micro-cavities to a liquid, so as to expand and 
expel residual bubbles from said micro-cavities 
thereby to infiltrate said micro-cavities with said 35 
liquid. 

35. A method wherein said heating step is accom- 
panied by a cyclic pressure variation in a range 
above atmospheric pressure. 40 

36. A method wherein said liquid is first pressurized 
during said heating step and then is returned to 
atmospheric pressure thereby to facilitate expelling 
of said residual bubbles from said micro-cavities. 

37. A method wherein said liquid is a plating solu- 4s 
tion. 

38. An apparatus for producing a metal deposit 
inside micro-cavities fabricated on a substrate, said 
apparatus comprising: 

so 

a sealabie chamber for receiving said substrate 
and a desired liquid in such a way that at least 
said micro-cavities regions are exposed to said 
desired liquid; 

a heating device for heating residual bubbles 55 
remaining is said micro-cavities; and 
a pressurizer device for maintaining said liquid 
at a pressure higher than atmospheric pres- 



sure; 

a controller for controlling said heater device 
and pressurizer device so as to repeat a heat- 
ing step and a pressurizing step cyclically. 

39. An apparatus wherein said sealabie chamber 
comprises a fixation plate for fixating said substrate 
thereon and a cover plate for covering said fixation 
plate so as to define a plating space therebetween 
for flowing a plating solution along a surface of sad 
substrate. 

40. An apparatus wherein said fixation plate com- 
prises a transparent plate, and a heater device for 
heating said substrate through a back surface of 
said fixation plate is provided. 

41 . An apparatus wherein said transparent material 
is quartz. 

42. An apparatus wherein said heater device is a 
lamp heater. 

43. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

disposing said substrate in a pressure vessel 
so that both surfaces of said substrate are 
under an identical pressure; 

evacuating said pressure vessel so as to expel 
residual bubbles from said micro-cavities; and 

introducing a liquid in said pressure vessel and 
applying a pressure so as to infiltrate said liquid 
into said micro-cavities. 

44. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

disposing said substrate in a pressure vessel 
so that both surfaces of said substrate are 
under an identical pressure; 
charging said pressure vessel with a gas hav- 
ing a solubility in a liquid; 
introducing said liquid into said pressure ves- 
sel; and 

pressurizing said liquid so as to forcibly dis- 
solve residual bubbles of said gas in said 
micro-cavities into said liquid thereby to infil- 
trate said liquid into said micro-cavities. 

45. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

disposing said substrate in a pressure vessel 
so that both surface of said substrate are under 
an identical pressure; 

charging said pressure vessel with a gas hav- 
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ing a solubility in a first liquid; 

introducing said first liquid into said pressure 

vessel; 

pressurizing said first liquid so as to forcibly 
dissolve residual bubbles of said gas in said s 
micro-cavities into said liquid thereby to infil- 
trate said first liquid into said micro-cavities; 
draining said first liquid from said pressure ves- 
sel; 

evacuating said pressure vessel so as to evac- 10 
uate inside said micro-cavities; 
introducing a second liquid into said pressure 
vessel; and 

pressurizing said second liquid so as to infil- 
trate said second liquid into said micro-cavities, is 



and/or wherein preferably said processing 
chamber is a pre-plating processing chamber, 

and/or wherein preferably in said boiling 
step, interior chamber pressure is reduced to less 
than a saturated vapor pressure of said liquid, 

and/or wherein preferably in said boiling 
step, said substrate is heated from a back surface 
of said substrate, 

and/or wherein preferably between said 
evacuating and said boiling , interior chamber pres- 
sure is raised to a high pressure, 

and/or wherein preferably said boiling and 
said pressurizing are repeatedly carried out, 

and/or wherein preferably said boiling is car- 
ried out while performing plating. 



46. A method wherein said second liquid comprises 3. 
a plating solution. 

47. An apparatus for producing a metal deposit 
insidernicro-cavities fabricated on a substrate, said 20 
apparatus comprising: 

a pressure vessel device for fixating outer 
periphery of said substrate while maintaining 
both surfaces of said substrate are at an identi- 25 
cal pressure; 

a gas charging device for charging said pres- 
sure vessel with a gas having solubility in a liq- 
uid; 

a vacuum device for evacuating said pressure 30 
vessel device; 

a liquid introduction device for introducing said 
liquid into sad pressure vessel device; and 
a liquid pressurization device for pressurizing 4. 
said liquid in said pressure vessel device so as 35 
to infiltrate said liquid into said micro-cavities. 

Claims 

1. A method for producing a metal deposit inside 40 
micro-cavities fabricated on a substrate, said 
method comprising: 

immersing said substrate in a liquid held in a 
processing chamber; as 
evacuating said processing chamber so as to 
remove residual bubbles from said micro-cavi- 
ties and to degas said liquid within said micro- 
cavities; and 

subjecting said liquid to boiling in at least those so 
regions adjacent to said substrate. 

5. 

2. A method according to any of the preceding claims 
wherein said liquid comprises a plating solution, 

and/or further preferably comprising repiac- 55 
ing said liquid with a plating solution, 

and/or wherein preferably said processing 
chamber is a plating chamber, 



An apparatus for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said appa- 
ratus comprising: 

a sealabie processing chamber; 

an evacuating device for reducing interior 

chamber pressure; and 

a gas inlet device for pressurizing said cham- 
ber interior, 

wherein said evacuating device is capable of 
selectively reducing interior chamber pressure 
to at least two pressure values, one being less 
than a saturated vapor pressure of said liquid, 
and the other being an intermediate value 
between said saturated vapor pressure and 
atmospheric pressure. 

An apparatus according to any of the preceding 
claims wherein said evacuating device has an 
exhaust pipe to connect a vacuum pump to said 
processing chamber, and said exhaust pipe is pro- 
vided with a shutoff valve and a control valve for 
adjusting flow resistance of said exhaust pipe, 

and/or wherein preferably said evacuating 
device has a vacuum pump to reduce interior 
chamber pressure and two parallel exhaust piping 
having different flow resistance to connect said vac- 
uum pump to said processing chamber, 

and/or wherein preferably said apparatus is 
provided with a heating device for heating said sub- 
strate through a back surface thereof, 

and/or wherein preferably said apparatus is 
provided with a vibrating device for stirring said liq- 
uid in said processing chamber. 

A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

immersing said substrate in a liquid; and 
subjecting said liquid to boiling in at least those 
regions adjacent to said substrate. 
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6. A method for fabricating wiring on a substrate com- 
prising: 

immersing said substrate in a liquid in a 
processing chamber; 

evacuating said processing chamber so as to 
remove residual bubbles from said micro-cavi- 
ties and to degas said liquid within said micro- 
cavities; 

subjecting said liquid to boiling in at least those 
regions adjacent to said substrate; 
plating said substrate so as to produce a metal 
deposit inside said micro-cavities; and 
removing unwanted portions of metal deposit 
formed in said micro-cavities by polishing using 
chemical and mechanical polishing methods. 

7. A method according to any of the preceding claims 
further comprising, between said boiling and plat- 
ing, replacing said Hquid with a plating solution. 

8. An apparatus for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said appa- 
ratus comprising: 

a sealable processing chamber; 

a vacuum device for reducing interior chamber 

pressure; 

a substrate holder for holding said substrate in 
such a way that a back surface side of said 
substrate is liquid-tight in said processing 
chamber; and 

a heater provided internally in said substrate 
holder for heating said substrate. 

9. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

placing said substrate in a seaiable processing 
chamber; 

evacuating interior of said chamber; 
immersing said substrate in a liquid; and 
pressurizing said liquid surrounding said sub- 
strate. 

1 0. A method according to any of the preceding claims 
wherein said method includes a step of providing a 
pressure variation to said liquid surrounding said 
substrate, 

and/or wherein preferably said liquid is 
selected from a group consisting from water, alco- 
hol, a plating solution and a mixture thereof, 

and/or wherein preferably in said step of 
immersing, a surface active agent is used to 
improve wettability of said substrata 

11. An apparatus for producing a metal deposit inside 



micro-cavities fabricated on a substrate, said appa- 
ratus comprising: 

a sealable processing chamber; 
5 a vacuum exhaust passage for evacuating said 

processing chamber; 

a liquid inlet passage for supplying a liquid to 
said processing chamber; 
a gas inlet passage for pressurizing said liquid 
10 in said processing chamber; and 

a gas discharge passage for discharging gas 
from said processing chamber. 

12. An apparatus according to any of the preceding 
is claims wherein said apparatus is provided with a 
pressure varying device to produce pressure 
changes in said processing chamber, 

and/or wherein preferably said pressure var- 
ying device is a shutoff valve or a switching valve 
20 provided on at least one of said gas inlet passage 
or said gas discharge passage, 

and/or wherein preferably said pressure var- 
ying device is an ultrasonic vibrator device. 

25 13. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

placing said substrate in a sealable processing 
30 chamber; 

charging said processing chamber with a con- 
densable gas; 

cooling said substrate to a temperature lower 
than a dew point of said condensable gas to 
35 form droplets thereof within said micro-cavities. 

14. A method according to any of the preceding claims 
wherein said method includes a vibrating step of 
said substrate, 

40 and/or wherein preferably in said charging 

step, charging pressure of said condensable gas is 
varied, 

and/or wherein preferably said environment 
is evacuated prior to said charging step, 
45 and/or wherein preferably said method 

includes immersing said substrate in a particular 
liquid. 

15. An apparatus for producing a metal deposit inside 
so micro-cavities fabricated on a substrate, said appa- 
ratus comprising: 

a sealable processing chamber; 
a gas inlet device for introducing a condensa- 
55 ble gas into said processing chamber; 

a substrate cooling device for cooling said sub- 
strate; and 

a liquid supply device for supplying a liquid into 
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said processing chamber. 

16- A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

heating said substrate while exposing said 
micro-cavities to a liquid, so as to expand and 
expel residual bubbles from said micro-cavities 
thereby to infiltrate said micro-cavities with said 
liquid. 

17. A method according to any of the preceding claims 
wherein said heating step is accompanied by a 
cyclic pressure variation In a range above atmos- 
pheric pressure, 

and/or wherein preferably said liquid is first 
pressurized during said heating step and then is 
returned to atmospheric pressure thereby to facili- 
tate expelling of said residual bubbles from said 
micro-cavities, 

and/or wherein preferably said liquid is a 
plating solution. 

18. An apparatus for producing a meta) deposit inside 
micro-cavities fabricated on a si±>strate, said appa- 
ratus comprising: 

a sealable chamber for receiving said substrate 
and a desired liquid in such a way that at least 
said micro-cavities regions are exposed to said 
desired liquid; 

a heating device for heating residual bubbles 
remaining is said micro-cavities; and 
a pressurize device for maintaining said liquid 
at a pressure higher than atmospheric pres- 
sure; 

a controller for controlling said heater device 
and pressurizer device so as to repeat a heat- 
ing step and a pressurizing step cyclically. 

19. An apparatus according to any of the preceding 
claims wherein said sealable chamber comprises a 
fixation plate for fixating said substrate thereon and 
a cover plate for covering said fixation plate so as to 
define a plating space therebetween for flowing a 
plating solution along a surface of said substrate, 

and/or wherein preferably said fixation plate 
comprises a transparent plate, and a heater device 
for heating said substrate through a back surface of 
said fixation plate is provided, 

and/or wherein preferably said transparent 
materia! is quartz, 

and/or wherein preferably said heater device 
is a lamp heater. 

20. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 



method comprising: 

disposing said substrate in a pressure vessel 
so that both surfaces of said substrate are 

s under an identical pressure; 

evacuating said pressure vessel so as to expel 
residual bubbles from said micro-cavities; and 
introducing a liquid in said pressure vessel and 
applying a pressure so as to infiltrate said liquid 

10 into said micro-cavities. 

21. A method for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said 
method comprising: 

15 

disposing said substrate in a pressure vessel 
so that both surfaces of said substrate are 
under an identical pressure; 
charging said pressure vessel with a gas hav- 
20 Ing a solubility in a liquid; 

introducing said liquid into said pressure ves- 
sel; and 

pressurizing said liquid so as to forcibly dis- 
solve residual bubbles of said gas in said 
25 micro-cavities into said liquid thereby to infil- 

trate said liquid into said micro-cavities. 

22. A method for producing a meta) deposit inside 
micro-cavities fabricated on a substrate, said 

30 method comprising: 

disposing said substrate in a pressure vessel 
so that both surface of said substrate are under 
an identical pressure; 
35 charging said pressure vessel with a gas hav- 

ing a solubility in a first Gquid; 
introducing said first liquid into said pressure 
vessel; 

pressurizing said first liquid so as to forcibly 
40 dissolve residual bubbles of said gas in said 

micro-cavities into said liquid thereby to infil- 
trate said first liquid into said micro-cavities; 
draining said first liquid from said pressure ves- 
sel; 

45 evacuating said pressure vessel so as to evac- 

uate inside said micro-cavities; 
introducing a second liquid into said pressure 
vessel; and 

pressurizing said second liquid so as to infil- 
50 trate said second liquid into said micro-cavities. 

23. A method according to any of the preceding claims 
wherein said second liquid comprises a plating 
solution. 

55 

24. An apparatus for producing a metal deposit inside 
micro-cavities fabricated on a substrate, said appa- 
ratus comprising: 
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a pressure vessel device for fixating outer 
periphery of said substrate while maintaining 
both surfaces of said substrate are at an identi- 
cal pressure; 

a gas charging device for charging said pres- s 
sure vessel with a gas having solubility in a liq- 
uid; 

a vacuum device for evacuating said pressure 
vessel device; 

a liquid introduction device for introducing said 10 
liquid into said pressure vessel device; and 
a liquid pressurization device for pressurizing 
said liquid in said pressure vessel device so as 
to inf iltraie said liquid into said micro-cavities. 

15 

25. A method for producing a metal deposit on a sub- 
strate, said method comprising: 

immersing said substrate in a liquid; and 
evacuating so as to remove residual bubbles 20 
from said micro-cavities. 
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